Abstract This paper contributes to the sparse literature on inequality convergence by empirically testing convergence across the U.S. States. This sample period encompasses a series of different periods that the existing literature discusses --the Great Depression (1929)(1930)(1931)(1932)(1933)(1934)(1935)(1936)(1937)(1938)(1939)(1940)(1941)(1942)(1943)(1944), the Great Compression , the Great Divergence (1980-present), the Great Moderation , and the Great Recession (2007)(2008)(2009). This paper implements the relatively new method of panel convergence testing, recommended by Phillips and Sul (2007) . This method examines the club convergence hypothesis, which argues that certain countries, states, sectors, or regions belong to a club that moves from disequilibrium positions to their club-specific steady-state positions. We find strong support for convergence through the late 1970s and early 1980s and then evidence of divergence. The divergence, however, moves the dispersion of inequality measures across states only a fraction of the way back to their levels in the early part of the 20th Century.
Introduction
Dew-Becker and Gordon (2005) show that from , only the top 10 percent of the income distribution in the United States gained real income equal to the growth in labour productivity. Gordon (2009) also argues that abundant evidence documents that US income inequality worsened since the 1970s. Solow (1956) and Swan (1956) first proposed the convergence hypothesis as part of the neoclassical growth models. These models exemplify diminishing returns to factors of production, which predicts that per capita income in poor countries will eventually converge to that in rich countries. The convergence hypothesis sparked enormous interest and led to an extensive literature testing convergence in average incomes both within and across countries. Bénabou (1996) noted that neoclassical growth models could imply convergence of the entire distribution of income, not just the mean. Inequality levels will fall in countries with high inequality and will rise in countries with low inequality. The idea of convergence clubs for income inequality reflects the conventional wisdom, as noted by Bénabou (1996) , that Latin American countries, on average, exhibit higher income inequality than European countries, who, in turn, exhibit, on average, higher inequality than East Asian countries. That is, do these different regions represent different convergence clubs for income inequality?
This paper contributes to the sparse literature on inequality convergence by empirically testing convergence across the U.S. States, using annual state-level data from 1916 to 2012 constructed by Frank (2014) . This sample period encompasses a series of different periods that existing literature discusses --the Great Depression (1929) (1930) (1931) (1932) (1933) (1934) (1935) (1936) (1937) (1938) (1939) (1940) (1941) (1942) (1943) (1944) , the Great Compression , the Great Divergence (1980-present) , the Great Moderation , and the Great Recession (2007) (2008) (2009) ). Goldin and Margo (1992) identified the Great Compression as the time after the Great Depression, when income inequality fell dramatically compared to the Great Depression. Krugman (2007) described the period after the Great Compression as the Great Divergence, when income inequality grew. Piketty and Saez (2003) claim that the Great Compression ended in the 1970s and then income inequality worsened in the U.S. Thus, we anticipate that our analysis will document convergence in income inequality through the late 1970s and then divergence in the rest of the sample.
Our study of U.S. states provides a more homogeneous test for conducting convergence tests for income inequality than a panel of countries. The United States generally exhibits lower income inequality than Latin American countries, but higher income inequality than European countries. Do the U.S. states, however, also exhibit convergence clubs in income inequality? Our tests permit the testing for the existence of convergence clubs within the United States.
The existing literature uses several alternative approaches to identify whether and when convergence occurs, with most analyses examining the convergence of per capita real GDPs across countries. Initial empirical tests of the convergence hypothesis considered -convergence (Barro and Sala-i-Martin, 1992; Mankiw et al., 1992; Quah 1996) . Without additional control variables, the test considered absolute convergence, whereas with additional control variables, the test examined conditional convergence. Tests of -convergence generally estimate a log-linearized solution to a non-stochastic model with an additive error term. Alternatively, σ-convergence (Friedman, 1992; Quah, 1993) , argues that a group of countries/sectors/regions converge when the cross-section variance of the variable under consideration declines over time. As noted by Bliss (1999; , however, the underlying assumption of an evolving data distribution introduces difficulties in the interpretation of the test distribution under the null. Moreover, the rejection of the σ-convergence hypothesis does not necessarily mean that they do not converge. That is, the presence of transitional dynamics in the data can lead to the rejection of the null hypothesis of σ-convergence.
Other approaches to testing the convergence hypothesis use cointegration and unitroot tests. Cointegration and unit-root tests of convergence, owe their existence to the statistical definition of cross-country convergence of Durlauf (1995, 1996) , which states that two countries converge if their long-term forecasts are equal. According to their definition, two countries converge if their output gap is a zero mean stationary process.
These tests of convergence also experience a number of serious drawbacks. Lau (1999) theoretically argues that integration and cointegration properties arise intrinsically in stochastic endogenous growth models and produce steady-state growth even in the absence of exogenous growth-generating mechanisms. In the usual I(0)/I(1) approach or the standard cointegration framework, however, researchers infrequently find evidence in favour of convergence or catching-up effects, notably across the developing economies. Pesaran (2007) extends the cointegration methodology such that it does not require the assumption of similarity in all respects for convergent countries. The main advantage of his extension is that it does not require a benchmark against which we measure convergence. According to this methodology, convergence between two countries occurs if their output gap is stationary with a constant mean.
Finally, another strand of research claims that the I(0)/I(1) setting does not provide the appropriate framework to test for convergence, since aggregate outputs are suitably modelled by fractionally integrated processes. In other words, such processes account for long-memory characteristics of the series through a differencing parameter d that can take fractional values and not only integer ones (Gil-Alana, 2001; Haubrich and Lo, 2001; Abadir and Talmain, 2002; Halket, 2005; Cunado et al., 2006; Stengos and Yazgan 2014) .
Another strand of the literature examines the phenomenon of club convergence.
Researchers define club convergence as the tendency of output per capita of economies to converge to multiple steady-state equilibria, one for each basin of attraction, which depend on initial conditions. The empirical literature on the detection of convergence clubs employs a variety of statistical methods. Durlauf and Johnson (1995) dismiss the frequently used linear model that studies cross-country economic behavior in favor of multiple regimes, using a data set of 121 countries using regression tree analysis, and they find evidence for club convergence in multiple steady states. Quah (1993 Quah ( , 1996 Quah ( , 1997 examines his hypothesis of convergence clubs, viewing the evolution over time of the grouping of real per capita incomes. Hansen (2000) uses a threshold regression to sort the countries into different regimes and provides evidence to support such multiple regimes. Canova (2004) proposes a new technique for grouping converging countries in terms of real per capita income, which implies that countries exhibit multiple steady states for real per capita income. Caputo and Forte (2015) examine the club viability of the five main EMU members --France, Germany, Italy, Spain, and the UK. This paper implements the relatively new methodology of panel convergence testing, recommended by Phillips and Sul (2007) . This method examines the club convergence hypothesis, which argues that certain countries, states, sectors, or regions belong to a club that moves from disequilibrium positions to their club-specific steady-state positions. This method, which shares a number of similarities with the fractional integrated methodological approaches of convergence, includes several appealing characteristics. First, no specific assumptions concerning the stationarity of the variable of interest and/or the existence of common factors are necessary. Nevertheless, we can interpret this convergence test as an asymptotic cointegration test without suffering from the small sample problems of unit-root and cointegration testing. Second, the method relies on a quite general form of a nonlinear time-varying factor model, where the common stochastic trends employed allow for long-run co-movements in aggregate behaviour without requiring the presence of cointegration. Third, it also permits the estimation of transitional effects. Finally, the most substantial advantage of this method over all the previous convergence approaches is that it avoids the assumption that the convergence process needs further modelling as a time-varying transition path to long-run equilibrium, which seems relevant for the majority of developing economies, but not for emerging-market countries.
Furthermore, the methodology of Phillips and Sul (2007) does not relate solely to growth theories and can study convergence in economic and financial variables beyond output. For example, Apergis et al (2011) apply this methodology to study the convergence dynamics of international equity markets, while Kim (2015) studies convergence dynamics of electricity consumption and confirms the presence of convergence clubs. More recently, Antonakakis et al. (2017) examine the convergence patterns of Euro Area countries' sovereign bond yield spreads.
Literature Review
A number of papers in the literature describe and explain the association between inequality and a country's development. This literature begins with the seminal paper by Kuznets (1955) who provides the first piece of evidence for an inverted-U relationship between the level of a country's development and its degree of income inequality. This nonlinear relationship reflects primarily "dual economy dynamics," associated with the transition from an agricultural to an industrial economy.
In this strand of the literature, Alesina and Rodrik (1994) , Perotti (1996) , Persson and Tabellini (1994) , and others highlight a negative relationship between these two variables, which reflects either the negative effect of inequality on education or on the presence of capital market imperfections and credit constraints. By contrast, Li and Zou (1998), Barro (2000) , and Forbes (2000) document a positive relationship, reflecting either the relative savings propensities of rich versus poor or the presence of investment indivisibilities. Lundberg and Squire (2003) argue that openness and civil liberties affect both variables in the same direction, thereby giving a positive relationship between income inequality and growth.
In a different strand of the literature, a number of studies explore income inequality convergence within the same country rather than across countries. In particular, Marina Quah's (1996) non-parametric approach and find -convergence of inequality across states in the US. Lin and Huang (2011 , 2012a , 2012b investigate convergence in the US over 80 years, using data on top income shares in addition to the Gini index. Their findings show strong evidence on convergence.
Finally, other papers investigate convergence across countries; Ravallion (2003) finds that developing countries converge toward medium inequality in the 1990s. Bleaney and Nishiyama (2003) find that compared to developing countries, income distribution among OECD countries converged significantly faster and to a more equal distribution. Lopez Hence, based on the literature related to convergence of income inequality, we can see that the analyses primarily consider the full sample of the data used. Our paper adds to this literature by taking a time-varying approach, which, besides providing full-sample information on convergence, also tracks the convergence path of each of the cross-sectional units (US states) over time. In addition, since the methodology opens the possibility of convergence clubs, important policy implications also emerge. If only one convergence club exists for the entire economy, policy makers can pursue a uniform policy for reduction of inequality across the entire country. If multiple convergence clubs exist, however, clubspecific policies need to account for the commonality amongst the states comprising the specific club. Finally, since our data set covers the period of 1916 to 2012, we can also track the convergence path over the most recent abnormal episode of the "Great Recession," over and above other unique episodes spanning 87 years of history on various types of inequality measures of the US economy.
Econometric Methodology
This section outlines the methodology proposed by Phillips and Sul (2007) The new methodology adopts the following time-varying common-factor representation for it y of country i: . Phillips and Sul (2007) show that we can test for the null of convergence in the framework of the following regression: 5 The data is available for download from: http://www.shsu.edu/eco_mwf/inequality.html. 6 These measures of inequality use the information in each state to calculate the state inequality indexes. Frank (2014) also computes the Top 1%, the Atkinson inequality measure, the relative mean deviation, and the Theil index. Convergence clubs are more heterogeneous across these different measures of inequality. Thus, we follow Frank (2014) and rely on the Top 10% and the Gini as more robust measures of inequality. In a longer
The metrics that use different (percentage) shares of total population are simple comparisons across different income groups, ranked according to income ranges. Their advantages include simpleness to compute and easy to interpret and explain. Their drawbacks are only sensitive to changes in the two compared income shares, so they do not depict overall changes in within distribution, while they do not provide an absolute measure of income inequality, because they do not fall into an absolute scale of measurement. Finally, their measure can be skewed due to outliers in the distribution and they do not weight the included observations. The Gini coefficient can compare different income distributions of different groups of populations (i.e., countries, states, regions) based on the Lorenz curve. Lundberg and Squire (2003) note that the Gini coefficient does not convey any information about the shape of the Lorenz curve. Moreover, this index provides a point estimate of the income distribution and does not capture the lifetime income of a person, which changes over time and can affect its position within the income distribution.
Empirical Analysis
Convergence Table 1 reports results for the shares of income held by the Top 10% of the national population. The first row reports the test for full convergence (i.e., convergence among all 48
States and DC), while rows 2 and 3 display the results of the club clustering procedure. The results of the full sample reject the null hypothesis of income inequality convergence, since the log(t) statistic is -5.532 (with critical value of -1.67). The formation of the two different convergence clubs shows that there exist two clubs of 12 and 37 States and DC, respectively.
version of this paper, we also discuss the findings from these additional four measures of inequality. See https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2623724. Tables 1 and 2 leads to the following observations. All members of club 1 in Table 1 for the Top 10% inequality measure also appear in club 1 in Table 2 for the Gini coefficient, but 18 States moved from club 2 in Table 1 to club 1 in Table 2 . Thus, all 19 members in club 2 for the Gini coefficient also appear in club 2 for the Top 10% measure. Source: Own calculations based on Phillips and Sul (2007 , 2009 ), and Frank (2014 . Gini Index, 1916 -2012 Source: Own calculations based on Phillips and Sul (2007 , 2009 ), and Frank (2014 . Club 1 in both Tables 1 and 2 represent states with more income inequality, on average. 8 In Fig. 1 , the convergence of the states in Club 1 occurs between just above 1.0 and just above 1.2 with the exception of Delaware, while the convergence of the states in Club 2 occurs between just below 0.9 and just above 1.0. That is, states in Club 1 experience a higher level of inequality than states in Club 2, measured by the Top 10%. In addition, for the Top 10% measure of inequality Club 1 includes mostly high-income states.
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In Fig. 2 , the convergence of the states in Club 1 occurs between just below 1.0 and just above 1.1 with the exception of Delaware, while the convergence of the states in Club 2 occurs between just above 0.9 and just below 1.0. Thus, once again, states in Club 1 experience a higher level of inequality than states in Club 2, measured by the Gini. In addition, for the Gini coefficient measure of inequality, Club 1 includes mostly high-income states, although the relationship is weaker when compared to the Top 10% inequality measure. This probably reflects the fact that the Top 10% focuses on the higher end of the income distribution, whereas the Gini coefficient captures the entire income distribution.
Robustness Tests
Phillips and Sul (2009) Phillips and Sul (2007 , 2009 ), and Frank (2014 . Phillips and Sul (2007 , 2009 ), and Frank (2014 
Conclusion
This paper implements the Phillips and Sul (2007) One possible direction for future research examines the relationship between nationaland state-level inequality measures. 10 For example, does cross-club inequality account for more of the national inequality than within-club inequality? We intend to pursue this and other related new research questions in future work.
